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Abstract
Between 1979 and 1989 17 patients aged
two months to 12 years with acute
myocardial infarction of any cause
(other than after cardiac surgery) were
seen at a children’s hospital. Eight died
from three days to three years after
diagnosis (overall mortality 47%). The
nine survivors, now aged 2-17 years, have
been followed for one to 10 years (mean
follow up five years) after infarction. The
commonest causes of myocardial infarc-
tion in this series were anomalous origin
of left coronary artery from the pulmon-
ary artery (six patients (35%)) and
Kawasaki disease (five patients (27%)).
The main symptoms of acute myocar-
dial infarction were dyspnoea, vomiting,
and difficulty feeding. Diagnosis was
made in all patients by electrocardio-
graphy and confirmed by echocardio-
graphy, cardiac catheterisation, or at
operation. All survivors were symptom
free with excellent exercise capacity. The
left ventricular ejection fraction in
survivors ranged from 21% to 66%, and
only one child was on regular cardiac
medications. There were no cases of late
sudden death. Twenty four hour Holter
monitoring performed on survivors was
normal (seven) or showed minor abnor-
malities only (one), suggesting that
serious arrhythmia is rare after
paediatric myocardial infarction.
Myocardial infarction in children had
a high early mortality; however, the
incidence of serious arrhythmia was low
in the survivors, who had a good exercise
tolerance even when the left ventricular
ejection fraction was low.

Myocardial infarction is rare in infancy and
childhood.!? There have been several reports
of myocardial infarction complicating
Kawasaki disease,>® anomalous coronary
arteries,” coronary embolus,® myocarditis,’'°
chest trauma,'''? and various rare paediatric
diseases.'>" But there has been no reported
systematic follow up of a considerable number
of children with non-operative myocardial
infarction from all causes.

We therefore collected clinical data and
systematically investigated patients with
proven myocardial infarction from our hospi-
tal to examine the clinical profile of those
affected and evaluate the state of survivers.

Patients and methods

We reviewed the records of all children with
typical electrocardiographic findings of acute
myocardial infarction seen at the Royal Alex-
andra Children’s Hospital, Sydney, between
February 1979 and February 1989.

Records of all necropsies carried out at the
hospital over that time and echocardiography
or operative reports of high risk conditions
(that is Kawasaki disease and anomalous left
coronary artery) were also examined to detect
any additional cases, but none was found.

Survivors underwent a series of non-
invasive investigations between July and Sep-
tember 1989. Twelve lead -electrocardio-
graphy, cross sectional, and Doppler echocar-
diography with particular attention to left
ventricular wall motion and left ventricular
fractional shortening, and 24 hour Holter
monitoring (Hewlett Packard 43400B patient
analyser) were carried out by standard tech-
niques.'®"” Bicycle or treadmill exercise test-
ing was performed by incremental increases in
workload in the standard manner, as des-
cribed elsewhere.'™” Predicted values for
pulse and blood pressure response, and for
maximum workload for age, size, and sex were
obtained from standard references.? 2

Stress thallium-201 myocardial scans were
performed after an intravenous infusion of
dipyridamole (0-56 mg/kg) over four min-
utes.?? Thallium-201 citrate adjusted for
body weight (1-75 mBq/kg) with a minimum
dose of 15 mBq was administered at eight
minutes. Planar imaging in the anterior, left
anterior oblique 40°; left anterior oblique 60°;
and left lateral positions was performed with a
Starcom 400 AT gamma camera. Images were
taken at five minutes and at three hours after
the injection of thallium-201. Computer
enhancement of images and circumferential
count profiles were performed. Images were
divided into five equal ventricular segments as
previously described.”

Radionuclide gated heart pool scans were
performed at rest by electrocardiographically
synchronised blood pool imaging of red blood
cells labelled in vivo with technetium-99m.%
Images were acquired in the anterior, modified
left anterior oblique, and left lateral positions.
We used a small field of view 300 A General
Electric gamma camera fitted with high resolu-
tion 30° slant hole collimator that was inter-
faced with a DEC gamma 11 (PDP-11/34)

- computer system. Images were obtained as 24

frames in a 64 x 64 matrix and were analysed
for evidence of regional wall motion abnor-
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Table 1 Data on 17 patients with paediatric myocardial infarction

Period of
Case Sex Age at M1 Diagnosis Sfollow-up Operation/age Outcome
1 M 3 mnth ALCA 104 yr ALCA repair/5 yr Alive
2 F 4 mnth ALCA 2} yr ALCA repair/5 mnth Alive
3 F 3 mnth ALCA 7} yr ALCA repair/9 mnth Alive
4 M 10 mnth KD 2yr — Alive
5 F 14 mnth KD 4} yr — Alive
6 M 18 mnth KD 3yr — Alive
7 M 6 mnth KD 4yr — Alive
8 M 9yr Trauma 8yr LVAn/12yr Alive
9 F 12 yr Myo lyr — Alive
10 F 10 mnth Myo 16 mnth — Dead
11 F 4 mnth ALCA 4 mnth AL CA repair/8 mnth Dead
12 M 3 mnth Embolus 6 mnth — Dead
13 F 6 mnth ALCA 1 mnth — Dead
14 F 2 mnth Fibrosis 2 mnth — Dead
15 F 4 mnth ALCA 3yr ALCA repair/5 mnth Dead
16 F 2yr KD 3 days — Dead
17 F 8yr H/T 3 days — Dead

ALCA, anomalous origin of left coronary artery; Embolus, coro:

nary embolus; Fibrosis, internal fibrosis of coronary artery; H/T,

hypertension with renal failure; KD, Kawasaki disease; LVAn, left ventricular aneurysmectomy; MI, myocardial infarction; Myo,

myocarditis, probable coronary embolus; Trauma, blunt chest tr:

malities and for quantification of ejection
fraction.”

Results

We identified 17 children (six boys, 11 girls)
with typical electrocardiographic features of
myocardial infarction at our hospital between
February 1979 and February 1989 (table 1).
Those with myocardial infarction after cardiac
surgery were excluded.

Age at diagnosis ranged from two months to
12 years, with 14 patients (82%) being diag-
nosed at the age of 2 years or younger. Twelve
patients (71%) presented with dyspnoea as the
primary symptom, accompanied by vomiting
or poor feeding. Two patients presented with
out-of-hospital cardiac arrest (one later died),
one had features of Kawasaki disease and an
abnormal electrocardiogram, and two older
children presented with chest pain.

The myocardial infarction was in the
territory of the left coronary system in 15 of the
17 children, including the eight who died, and
in the area supplied by the right coronary artery
in two.

Table 2 shows the causes of myocardial
infarction in this group of children. Anomalous
left coronary artery arising from the pulmonary
artery (35%) and Kawasaki disease (29%)
accounted for most cases.

SURVIVORS

Nine patients aged from two months to 12 years
at the time of myocardial infarction were alive 5
(3) (range 1-10) years after infarction. All were
symptom free and were active participants in
appropriate pastimes for their age. One patient
(case 6) was taking cardiac medication (capto-

Table 2 Causes of childhood myocardial infarction

auma.

pril, digoxin, and frusemide). Three patients
were taking aspirin after Kawasaki disease.

Four children had open heart surgery after
diagnosis. Three had surgical reimplantation of
an anomalous left coronary artery to aorta. One
patient with congestive cardiac failure refrac-
tory to medical treatment had resection of left
ventricular aneurysm and repair of mitral valve
three years after a post-traumatic coronary
occlusion with infarction.

Table 3 summarises the investigations.
Chest x rays were normal in two patients
(patients 4 and 9) and showed mild cardiac
enlargement in the other seven children. No x
rays showed evidence of pulmonary venous
congestion or interstitial oedema. Electrocar-
diography showed a pattern typical of past
infarction in all the children.

The size of the infarct was assessed by
dipyridamole thallium-201 myocardial scin-
tigraphy in seven patients (one patient lives in
rural New South Wales and was not able to
have a thallium scan and one refused the test).
All showed fixed perfusion defects of varying
size consistent with scar tissue from past
myocardial infarction.

Left ventricular function was assessed in all
survivors by echocardiography or radionuclide
gated heart pool scans or both. Left ventricular
ejection fractions ranged from 21% to 66%,
with most having ejection fractions <50%.
Three children had mild mitral regurgitation.
Wall motion abnormalities were detected and
were concordant on echocardiograms and
thallium scans. The echocardiogram did not
show apical dyskinesis well. Mural thrombus
was not detected in any patient.

Exercise capacity was assessed by formal

Disease Survivors Non-survivors Total (%)
Anomalous origin of left coronary artery from pulmonary artery 6 (35)
Kawasaki disease 5(29)
Myocarditis-probable coronary embolus 2(12)
Blunt chest trauma 1(6)

Hypertension
Intimal fibrosis of coronary artery
Absent, thrombosed, or embolised left coronary artery

1(6)
1(6)
1(6)

[ Baiahahe
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Table 3  Follow up investigation in survivors of paediatric myocardial infarction

Celermajer, Sholler, Howman-Giles, Celermajer

Age at Gated Heart pool scan Holter
Case  follow up Thallium scan LVEF (%)  wall motion monitoring
1 104 yr Fixed defect in posteroinferior wall 64 Area of hypokinesis in high posterior wall  Normal
2 2 yr 10 mnth Thinning of anteroseptal area 66 Normal Normal
3 7 yr 9 mnth — — — _
4 2 yr 10 mnth Mild fixed apical defect 52 Moderate apical hypokinesis Normal
5 6yr Fixed defect in anteroseptal wall 41 Moderate anteroseptal hypokinesis Normal
6 4} yr Fixed anteroseptal and lateral wall defects 23 Anteroseptal and lateral wall akinesis ormal
7 4} yr Fixed anteroseptal defect 21 Anteroseptal hypokinesis; apical dyskinesis Run of 4 VEs at 90/min;
otherwise normal
8 17yr — 47 Anterior wall hypokinesis Normal
9 13 yr Fixed anteroseptal defect 31 Anteroapical akinesis Normal

LVEEF, left ventricular ejection fraction; VEs, ventricular extrasystoles.

exercise stress testing (five patients), or history
and direct observation (in three patients who
were too young to attempt formal exercise
testing and in one patient who lived too far
from a suitable exercise testing facility). Exer-
cise capacity was >80% of that predicted in all
patients formally tested, with normal pulse and
blood pressure response. None developed chest
pain, dyspnoea, or electrocardiographic
changes suggestive of ischaemia.

Twenty four hour Holter monitoring was
performed in eight patients (but not in one who
lived in rural New South Wales). This was
normal in seven patients and showed minor
abnormality only in -one (four consecutive
ventricular extrasystoles at a rate of 90 beats per
minute but otherwise normal). There were no
episodes of palpitation, syncope, or out-of-
hospital cardiac arrest in any patients.

DEATHS
Eight children died. All had extensive infarc-
tion of the left ventricle demonstrated by left
ventriculography (two patients) or necropsy
(six patients). Two children had undergone
surgical repair for anomalous coronary artery.
Six children died within six months of diag-
nosis. Death was from -cardiogenic shock,
intractable heart failure or at the time of cardiac
catheterisation (one patient) or surgery (one
patient). Two children had longer survival
times (16 months, three years), succumbing to
intractable heart failure despite maximum
medical treatment. There were no cases of late
sudden death.

Discussion

Acute myocardial infarction is a rare cause of
morbidity and mortality in childhood. We have
identified 17 children seen at our hospital with
myocardial infarction over a 10 year period.
Mortality was high (47%) and generally
occurred within 6 months of diagnosis.
Excellent cardiovascular fitness and an absence
of serious arrhythmia were found in survivors,
even in the presence of significant left ven-
tricular dysfunction. There were no cases of
sudden out-of-hospital death. In this series,
however, the number of survivors was small
and there was a variety of diagnostic categories.
It is therefore difficult to make authoritative
conclusions about the late incidence of arrhyth-
mia and sudden death after myocardial infarc-
tion in childhood.

There has been little information on
paediatric myocardial infarction. Athero-
sclerosis, the most common predisposing lesion
in adult myocardial infarction, is exceedingly
rare in the paediatric population.”® Chest pain,
the most frequent symptom of myocardial
ischaemia and infarction in adults, cannot be
reported by neonates or infants. Therefore not
only is the prevalence of myocardial infarction
in children low but clinical detection of the
condition may be difficult.

The diagnosis of myocardial infarction in
children was made by electrocardiography sup-
plemented by echocardiography and cardiac
catheterisation. Electrocardiography is not
100% sensitive for myocardial infarction,”*
and so we may have underestimated the num-
ber of children with myocardial infarction.

There are many reported causes of myocar-
dial infarction in childhood. In our series,
anomalous origin of left coronary artery from
the pulmonary artery and Kawasaki disease
were the commonest causes. Myocarditis has
been reported to cause both segmental cardiac
necrosis mimicking myocardial infarction® and
coronary occlusion with ‘““true” myocardial
infarction. The presumed mechanism of the
latter is either coronary arteritis with throm-
bosis or coronary embolism from left ven-
tricular thrombus, which we believe was the
mechanism in our two patients. Blunt chest
trauma has been reported to cause myocardial
infarction secondary to traumatic coronary
occlusion.''* Other causes include intimal
irregularities with in situ coronary throm-
bosis,* in utero paradoxical embolus,® severe
cyanosis,'* perinatal asphyxia,** and general-
ised arterial calcification of infancy.!

Mortality was high (47%) in our series. Late
diagnosis in children because symptoms are not
reported means that appropriate treatment is
often not given immediately after acute
myocardial infarction.’*® Anomalous origin of
left coronary artery presenting in infancy has a
high mortality in all series,” because
ischaemia or infarction affects a large propor-
tion of left ventricular muscle. The high
incidence of severe cardiac failure in our
patients reflects the generally large infarcts.
This was confirmed at necropsy in six of the
eight non-survivors.

In 1969, Imrich Bor analysed 29 cases of
childhood myocardial infarction identified from
necropsy files between 1945 and 1960.° The
average age of this patient group was five years,
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and only one of 29 patients survived more than
four months after diagnosis.

Two (12%) of our 17 cases presented with
cardiac arrest, which may have been caused by
early ventricular arrhythmia. This is similar to
the finding of Adgey er al in adults, who found
ventricular arrhythmias in 11-5% of 284
patients within 24 hours of the onset of myocar-
dial infarction.®

There have been no series analysing long
term follow up in survivors of childhood
myocardial infarction. In 1986 Nakano et al
identified 11 patients with myocardial infarc-
tion after Kawasaki disease, of whom two
died.* The diagnosis was made by electrocar-
diography and echocardiography. In 1986
Kato ez al identified the clinical and laboratory
features of cardiac disease in the acute phase of
Kawasaki disease in 195 patients from 151
major hospitals in Japan; however, follow up
data beyond the acute phase are not provided.*

We followed nine survivors of paediatric
myocardial infarction from one to 10 years.
Some had had large infarcts, with left ven-
tricular ejection fractions of less than 25% and
large areas of akinetic ventricular wall, whereas
others had small infarcts with minimal left
ventricular dilatation. The striking feature was
that all nine were symptom free, only one
needed cardiac medication, and all had
excellent exercise capacity both on history and
formal testing.

This good exercise tolerance has several
explanations. Firstly, children have healthy
peripheral vessels, with high compliance, low
resistance, and optimal myocardial/vascular
coupling.”” This may lower afterload, which
has been shown to improve left ventricular
remodelling and ejection fraction in adults after
myocardial infarction.* Second, the non-
infarcted myocardium should be completely
healthy in children. Third, respiratory
efficiency and reserve provides for considerable
exercise capacity in children, which would be
better than respiratory reserve in adults with
myocardial infarction, many of whom have
smoked heavily. Fourth, evidence from
survivors of anomalous left coronary artery
suggested a considerable capacity for recovery
of myocardial function in children after an
ischaemic insult.** A combination of these
factors may account for the observed cardio-
vascular fitness of these children after myo-
cardial infarction.

In contrast with adult series there were no
instances of late cardiac arrest or sudden death
in our series. Studies of adults who leave
hospital after a first myocardial infarction sug-
gest a five year mortality of approximately 25%
with over half of these deaths being sudden,*
and with many occurring in the first 12 months
after infarction.®®

The absence of sudden cardiac death in
children after myocardial infarction in our
series is difficult to explain. The young myocar-
dium may be less prone to the development of
re-entry circuits after infarction if there is less
pre-existing disease of ventricular muscle.
Furthermore, in infants and children good
collateral blood flow in the myocardium might
protect peri-infarctional ischaemic areas.
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Patients with Kawasaki disease may, however,
prove to have poor coronary flow reserve
because of coronary artery scarring.”

In our series no children surviving myocar-
dial infarction had frequent ventricular
extrasystoles on 24 hour electrocardiogram
recordings, including those with a left ven-
tricular ejection fraction of <40%. This places
them in a low risk group for late ventricular
arrhythmias. In adults with myocardial infarc-
tion who survive long enough to be discharged
from hospital 40-50% have frequent or multi-
form ventricular extrasystoles on single 24
hour electrocardiogram recordings in the
months after myocardial infarction.’®

We reviewed data on 17 cases of non-
operative paediatric myocardial infarction over
a 10 year period. Eight children died, most of
them less than six months after diagnosis, and
all had large left ventricular infarcts. There
were no cases of sudden out-of-hospital death.
Nine survivors are currently symptom free
with good exercise tolerance and no or only
minor abnormalities on 24 hour electrocar-
diogram recordings.
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